An EGFR tyrosine kinase inhibitor (TKI) has been used in practice to treat a wide range of NSCLC patients, including subsets that have a lower likelihood of EGFR mutation. However, there have been no molecular and clinical predictors for the efficacy of EGFR-TKIs, other than EGFR mutations. Therefore, this study was conducted to investigate predictive markers for EGFR-TKI efficacy in previously treated patients with squamous cell lung carcinoma in which activating EGFR mutations are very rare. Consequently, the EGFR-TKI treatment showed the clinical benefit to squamous cell carcinoma patients with EGFR/FISH positivity or a modest or severe skin rash in our study. When the combined criteria of EGFR/FISH and skin rash severity were analyzed, this study supports the lack of benefit conferred by EGFR-TKIs on squamous cell carcinoma patients with neither EGFR/FISH positivity nor skin rash. months; P = 0.0002).
Introduction
The utility of molecular biomarkers in identifying the appropriate patients for anticancer treatments has been emphasized since the introduction of epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (EGFR-TKIs) into the treatment of non-small-cell lung cancer (NSCLC). Several large randomized phase III trials have verified that EGFR mutations are the strongest predictive biomarker of the efficacy of EGFR-TKIs as a first-line therapy (1) (2) (3) . The first-line EGFR-TKI treatment has produced greater benefits in terms of progression-free survival (PFS), toxicity profiles, and quality of life than standard chemotherapy in advanced NSCLC patients with mutant EGFR, but not in those with wild-type EGFR (1) (2) (3) . Therefore, if activating mutations in the EGFR gene are identified at the time of diagnosis, EGFR-TKI treatment is strongly recommended as a first-line therapy. However, other randomized clinical studies have shown that even in patients with wild-type EGFR, EGFR-TKIs are either superior to placebo or not inferior to docetaxel chemotherapy as a second-or third-line therapy (4, 5) . These results suggest that a substantial subset of the population without EGFR mutations can derive clinical benefit from EGFR-TKIs as a second-line or higher treatment. In fact, these drugs have been used in practice to treat a wide range of NSCLC patients, including subsets that do not include a high proportion of EGFR-mutation-positive patients. Therefore, there is an urgent need to identify molecular or clinical predictors of the efficacy of EGFRTKIs, other than EGFR mutations, in members of this population who are unlikely to carry EGFR mutations.
The rapid tumor cell death that occurs after treatment with EGFR-TKIs means that the tumor is dependent on the EGFR signaling pathway for its survival and proliferation (6, 7) . Both the mutation and amplification of the EGFR gene can fully activate EGFR tyrosine kinase and trigger downstream oncogenic pathways.
Therefore, it seems reasonable to assume a correlation between an abnormality in the EGFR copy number and EGFR-TKI sensitivity. Although a number of studies have investigated the EGFR copy number as a predictive biomarker for EGFR-TKI sensitivity, its predictive role remains controversial. Early studies by Hirsch et al. and Capppuzzo et al. demonstrated that high polysomy or amplification of the EGFR gene was associated with significantly greater erlotinib sensitivity and longer survival (8) (9) (10) (11) . However, other researchers failed to replicate these findings (12, 13) . Unlike EGFR mutations, which are more frequently found in specific patient subsets, such as East Asian, female, and never-smoker patients, and those with adenocarcinoma histology type, the distribution of high EGFR copy numbers is mostly independent of ethnicity, sex, smoking status, and histology (9-11, 14, 15) . Based on these findings, we assumed that an increased EGFR copy number might be a good candidate marker for high sensitivity to EGFR-TKIs in EGFR-wild-type tumors.
This study was designed to investigate the molecular and clinical factors that predict EGFR-TKI efficacy in previously treated patients with squamous cell lung carcinoma in which activating EGFR mutations are less than 5% (11, 16, 17) . We especially focused on whether the EGFR copy number, assessed by fluorescence in situ hybridization (FISH), can identify patients with a greater likelihood of clinical benefit from EGFR-TKIs.
Research. 
Materials and Methods

Patient selection
We first identified 102 consecutive patients who had received gefitinib (250 mg/day) or erlotinib (150 mg/day) monotherapy for metastatic squamous cell lung carcinoma at the Severance Hospital 14.1%). The patients' medical records and radiographic images were then reviewed to evaluate their clinicopathological characteristics, tumor responses, adverse effects, and survival outcomes using a predesigned data collection format. The study was approved by the Institutional Review Board of the Severance Hospital.
Analysis of EGFR copy number
The EGFR gene copy number was determined with FISH testing using the LSI EGFR SpectrumOrange/CEP 7 SpectrumGreen Probe (Vysis, Abbott Laboratories, IL), according to a published protocol (15) . At least 50 cells were evaluated for each tumor by two pathologists (S.H. Kim and H.S. Shim). According to previously published criteria, the EGFR gene copy number was classified into six FISH strata: disomy (≤ 2 copies in > 90% of cells), low trisomy (≤ 2 copies in ≥ 40% of cells, 3 
Analysis of EGFR and KRAS mutations
A mutation analysis was performed in the 37 patients (52.1%) for whom adequate tissue was available. DNA was extracted from areas of paraffin-embedded tissue samples containing more than 70% tumor. Mutation analysis of EGFR exons 18-21
and KRAS exons 12-13 was performed using a PCR-based assay described previously (18, 19) . Among the 37 patients, 13 patients were EGFR/FISH-positive.
Assessment
The tumor response was assessed by a computed tomography scan generally performed every eight weeks, in accordance with the guidelines established by the EGFR copy number changes and the radiological tumor response and skin rash. PFS was measured from the first day of EGFR-TKI treatment until the first documentation of disease progression or death. Overall survival (OS) was calculated from the first day of EGFR-TKI treatment until death or the most recent follow-up. For the survival analysis, patients were censored at the last date at which they were known to be alive. All time-to-event outcomes were estimated using the KaplanMeier method and compared across groups with the log-rank test or the Cox proportional hazards model. All statistical tests were two-sided, and statistical significance was defined as P < 0.05. the EGFR gene.
Tumor response
Of the 69 patients available for response evaluation, 6 patients (8.7%) had a partial response, 34 (49.3%) had stable disease, and 29 (42.0%) had progressive disease as their best tumor response. Therefore, the objective response rate (ORR) was 8.7% and the disease control rate was 58.0%. EGFR/FISH status was the only factor identified as predicting the response to EGFR-TKI treatment ( Figure 1 ). The EGFR/FISH-positive patients showed a significantly higher response rate than the EGFR/FISH-negative patients (26.3% vs 2.0%, respectively; P = 0.005). When the analysis was limited to the 37 patients with EGFR mutation results, the difference in response rate between two groups remained unchanged (33.3% vs 4.2%, respectively; P = 0.034). The similar trend was observed when the only EGFR wildtype patients were analyzed (27.3% vs 4.2%, respectively; P = 0.082).
Overall, 56 patients (78.9%) experienced skin rash of any grade during EGFR-TKI treatment; 39 (54.9%) grade 1, 14 (19.7%) grade 2, and three (4.2%) grade 3. The incidence of grade ≥ 2 rash was higher in the patients with good ECOG PS (30.3% vs 5.6% for ECOG PS 2 and 3; P = 0.053), ever smokers (29.3% vs 0.0% for never smokers; P = 0.029), and those receiving erlotinib (33.3% vs 14.3% for those receiving gefitinib; P = 0.060) (Figure 2 ). The EGFR/FISH-positive patients also experienced grade ≥ 2 rash more frequently than the EGFR/FISH-negative patients (42.1% vs 17.3%, respectively; P =0.056).
Survival outcomes
Research. The analysis of PFS showed that both EGFR/FISH status and skin rash severity were possible predictors of PFS after EGFR-TKI treatment ( Figure 3B ). Similar results were observed when the analysis was limited to rash-evaluable population who received the drug for at least four weeks.
The univariate analysis of OS showed that ECOG PS, smoking history, and skin rash were significant predictors of OS (Table 2 ). In the multivariate analysis, ECOG PS remained an independent predictor of OS. The patients with ECOG PS of 0 or 1 had a significantly lower risk of death than those with ECOG PS of 2 or 3 (HR of ECOG PS 0-1 vs PS 2-3, 0.34; 95% CI, 0.19-0.62; P < 0.001). Interestingly, never smokers with squamous cell carcinomas had poorer survival outcomes than ever smokers with the same histology type (HR of never smokers vs ever smokers, 1.85;
95% CI, 0.94-3.64; P = 0.074). The risk of death was numerically lower in patients experiencing grade ≥ 2 rash than in those experiencing grade < 2 rash (HR for rash grade ≥ 2 vs < 2, 0.59; 95% CI, 0.30-1.13; P = 0.111).
Combined criteria of EGFR/FISH status and skin rash grade
The treatment outcomes in the subgroups classified according to the combined criteria of EGFR/FISH status and grade of skin rash are shown in Table 3 and Figure   3C 
EGFR and KRAS mutations
One patient (2.7%) had a mutant-type EGFR gene, which was deleted at exon 19.
The tumor sample was from resection of primary tumor at T3N1M0 stage. The other patient (2.7%) had a KRAS mutation (G12D type). The sample of this patient was from biopsy of primary tumor at the diagnosis of advanced stage NSCLC. The EGFR gene was also amplified in the patient harboring the activating EGFR mutation. 
Discussion
Squamous cell carcinoma accounts for about 25% of NSCLC (21), but recent advances in personalized treatments with targeted biological agents, including agents that target mutant kinases such as EGFR, ALK, and HER2, the antiangiogenic agent bevacizumab, and the multitargeting antifolate pemetrexed, are not applicable to this histological type of NSCLC. However, in the BR.21 trial, erlotinib showed a survival advantage over the best supportive care as salvage therapy in the subgroup of patients with nonadenocarcinoma histology (HR 0.81; 95% CI, 0.64-1.02) (22). The INTEREST study also reported that there was no survival difference between gefitinib and docetaxel treatments in patients with nonadenocarcinoma who had failed 1-2 previous regimens (median OS, 6.4 months vs 6.9 months, respectively) (5). The placebo-controlled phase III SATURN study also showed that maintenance erlotinib after first-line chemotherapy had OS benefits in the stable group, even among squamous cell carcinoma patients (HR, 0.67; 95% CI, 0.48-0.92) (23). These findings provide some evidence of the clinical utility of EGFR-TKIs as salvage therapy in patients with squamous cell carcinoma. However, there is no predictive marker for EGFR-TKI sensitivity other than EGFR mutations, in patients with this histological type. Moreover, this population has very low frequency of activating mutations of EGFR gene (about 5%) (11, 16, 17) . To the best of our knowledge, the present study is the first designed to look for predictive markers appropriate for squamous cell carcinoma patients.
In this study, we have demonstrated that a significant proportion of squamous cell lung carcinoma have genomic gain in the EGFR gene without mutational event. The gene with no mutation, and yet a high EGFR gene copy number was correlated well with responsiveness to EGFR-TKI and PFS benefit. This finding suggests that an amplified wild-type EGFR tumor is also dependent on the EGFR signaling pathway for growth, although to a lesser extent than tumors with amplified mutant EGFR genes. Consequently, the number of EGFR gene copy could be considered as an alternative molecular predictive marker of EGFR-TKI efficacy in EGFR-wild type population.
Our analyses have also shown a relationship between the severity of the skin rash and survival improvement, which is consistent with previous studies reporting that the skin rash can be a surrogate marker of the clinical benefits of EGFR-TKIs, regardless of the EGFR status (27, 28). Moreover, the grade of skin rash appeared more significant in predicting the risk of progression than the EGFR/FISH status through the multivariate analysis. However, it should be carefully interpreted due to the relatively too small sample size to ensure the statistical significance. At the subgroup analysis, EGFR/FISH-negative patients with high-grade skin rash showed a lower ORR but similar PFS and longer OS time, compared to EGFR/FISH-positive patients with low-grade skin rash. This result means that the patients experiencing high-grade skin rash may have a better prognosis regardless of tumor shrinkage.
Some previous studies also have explained that a significant skin reaction may indicate a patient's ability to raise an immune-mediated inflammatory response to drug rather than more effective target receptor inhibition (29). Therefore, the EGFR/FISH status and skin rash severity are likely to play a role as predictive markers of EGFR-TKIs by different mechanisms. When we combined EGFR copy number and skin rash as a tumor-and host-related predictive factor, respectively, 
either an amplified EGFR gene or a significant skin rash was shown a potential positive predictor of benefit from EGFR-TKI treatment.
There are conflicting results in the literature about the predictive role of EGFR gene copy number (8) (9) (10) (11) (12) (13) . These may be attributable to interobserver variability in FISH testing and interpretation. Alternatively, the EGFR gene copy status may be altered intrinsically or extrinsically during the course of the disease. Compared with EGFR mutations, EGFR amplification occurs as a late event during the progression of lung adenocarcinoma, in association with the invasive growth of the tumor (24).
Therefore, there might be discrepancies in the EGFR gene copy number between time points because most studies, including our own, have analyzed tissue samples acquired at the time of the primary diagnosis rather than at the time of treatment. However, one study by Cappuzzo et al. reported the concordance between these time points in 88.9% of patients for both EGFR FISH and mutation biomarkers (P = 0.01 and P = 0.001, respectively) (8). In addition, it remains unknown whether EGFR amplification is homogeneously distributed within a primary tumor or both in a primary tumor and metastases. A lack of this information about the time and place concordance of EGFR gene amplification seems significant limitation for deciding on whether EGFR FISH can be used as a reliable biomarker in clinical setting.
In conclusion, EGFR/FISH status can be used to select those patients with previously treated squamous cell lung cancer who are likely to gain a benefit from EGFR-TKIs before treatment. In addition, the high grade of skin rash development during EGFR-TKIs in this histologic group may help to support the continuous use of EGFR-TKIs. However, because of the limitations of our study, a single retrospective study with a relatively small number of patients, future prospective studies should be 
